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Background:  Cell based-therapies are under intense investigation because of their potential to stimulate myocardial repair or effective 
regeneration. Retention of cells after injection in the myocardium depends on numerous biological and mechanical mechanisms, as well as the type 
of injection. In this investigation, we primarily focus on studying the influence of key mechanical mechanisms that emerged from the literature for 
intramyocardial injections.
Methods:  A simple mathematical model of cell concentration was created based on key mechanical mechanisms (loss in the circulation, 
transport in the interstitium by the injected fluid, washout due to the disruption of the tissue by the needle, etc.). Two separate in vivo studies in 
healthy swine with both epicardial and transendocardial injections were carried out. In the first, twelve swine received epicardially Green Fluorescent 
Protein (GFP) expressing mouse Embryonic Stem Cells. In the second study fluorescently labeled porcine Mesenchymal Stem Cells (MSC) were 
injected using a transendocardial route under fluoroscopic guidance. Acute retention was determined 1 h post-injection by Fluorescence-Activated 
Cell Sorting (FACS) of digested tissues.
Results:  The model shows the spatio-temporal evolution of the cell concentrations in the blood and in the myocardial interstitium for a given 
injection. Different injection parameters (needle type, velocity, etc) lead to different spread of cells in the myocardium over space and time. We have 
thus designed optimized injection catheters. Experimental results in both swine studies indicate a statistically significant difference in comparison 
to MyoStar™ injection catheter (Biologics Delivery Systems, Cordis Corp., CA, USA) with three-fold to five-fold increase of acute retention 1h post 
injection validating mathematical prediction demonstrating that needle design plays a crucial role in retention.
Conclusions:  Clinical efficacy of biotherapeutic agents delivered to the heart could be drastically improved by optimally designing the injection 
catheter to enhance fluid dynamics while taking into account myocardium structure and properties.
